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Performance and Oil Return Characteristics of HFC/HC Blends
Mark W. Spatz
Robert G. Richard
Honeywell International, Inc.
20 Peabody St., Buffalo NY 140210 USA
ABSTRACT
This paper will focus on the performance and oil return issues of blends of HFCs with small amounts of
hydrocarbons as replacements for R-22 in air conditioning and heat pump systems. These refrigerants are
being promoted as “drop-in” or “direct replacements” for R-22 with the claim that the existing mineral oil
lubricant used in R-22 systems can be used. Results of tests of the capacity, efficiency, and oil return
behavior of both air conditioners and heat pumps will be presented. Oil return tests at both high
temperature (air conditioning conditions) and low temperature (typical low temperature heating conditions)
were run. These tests included measurement of oil return rate during simulated oil pump out tests with
variable refrigerant return velocities.
INTRODUCTION
With the pending phase-out of HCFCs such as R-22 in the developed countries, there is growing interest in
replacements for R-22. R-410A and R-407C have been established as the industry-standard replacements
for R-22 in new unitary air conditioning systems throughout the world. R-410A has been used in the U.S.
and Japan where the need for high-efficiency equipment exists and there is sufficient time and resources to
re-design for the higher-capacity and higher-pressure refrigerant. In Europe, where there is a more rapid
phase-out of R-22, most OEMs have selected R-407C because of the fewer design changes necessary.
Both of these refrigerants are constructed from HFC components and have very limited solubility with
mineral oil, and therefore require the use of synthetic lubricants to ensure adequate oil return in varied
applications. Due to the hygroscopic nature some of these lubricants and their higher cost, there is interest
in continuing the use of the more familiar and lower cost mineral oil type lubricant. This would especially
be important for retrofit applications where mineral oil is already in use in the R-22 system and it is time
consuming to replace most of the mineral oils with synthetic lubricants.
It has been, and continues to be, a common practice to add small amounts of hydrocarbons to low and ultralow temperature refrigeration systems to enhance oil return. The high solubility of hydrocarbons in
hydrocarbon-based mineral oils provides additional oil viscosity reduction and thereby reduces resistance
to oil transport back to the compressor. This approach has been applied to HFC refrigerants to enhance
solubility with mineral oil. One example that has been commercialized is R-417A (46.6% R-125, 50.0% R134a, and 3.4% R-600). This refrigerant is intended to be used with mineral oil lubricants. This paper will

address issues such as cooling capacity, efficiency, and oil return characteristics of these types of
refrigerants.
EXPERIMENTAL SET-UP
The evaluation was carried out in a nominal 2-ton (7kW) heat pump that utilized a scroll compressor with a
thermostatic expansion valve controlling in cooling mode and a short-tube orifice in heating mode. The
indoor heat exchanger is a three-row coil with a parallel cross-flow arrangement in cooling mode with a
counter cross-flow arrangement in heating mode using micro-fin tubing. The outdoor heat exchanger is a
single-row cross-flow with two circuits. The system contained a suction-line accumulator upstream of the
compressor. The system was installed in a system calorimeter which consisted of two insulated test rooms
with one controlled at indoor test conditions and the other at outdoor test conditions. Cooling capacity was
determined by an energy balance on the indoor room. Power to the compressors and blowers was measured
directly with power transducers. Instrumentation was added to measure suction and discharge pressures as
well as temperatures throughout the system.
In order to evaluate oil return behavior with varying return velocities, multiple suction risers of different
diameters were added to the system (as depicted in Figure 1). Eight-foot (2.4 m) sections of 3/4” (1.9 cm),
7/8” (2.3 cm), and 1-1/8” (2.9 cm) were manifolded together along with a by-pass line. By selecting one or
more of these suction lines, return velocities could be modulated from 2000 to 300 ft/min (10 to 1.5 m/sec).
DESCRIPTION OF TESTS
Four series of tests were run. Performance tests were run in the cooling mode and oil return tests were run
in cooling mode, heating mode, and at low temperature in the cooling mode (simulating refrigeration
conditions). A sight tube was added to the compressor so oil level could be determined and multiple sight
glasses were added to the suction accumulator to view inside this component. Cooling mode tests were run
at the Department of Energy (DOE) test conditions “B” (82oF / 28oC ambient and 80oF / 27oC indoor
temperature). Low temperature cooling mode tests were run at 10oF / -12oC ambient with a 70oF / 21oC
indoor which represented refrigeration conditions. Heating test were run at approximately 30oF / -1oC
ambient with 70oF / 21oC indoor conditions.
The performance tests were run only in cooling mode for each refrigerant after running a charge
optimization test. These tests consisted of running the system with increasing refrigerant charge. Initially
the efficiency increased but with added charge there was a decrease in efficiency. The refrigerant charge
associated with the highest system efficiency was selected for the performance comparison test. The oil
return tests were conducted by removing a fixed amount of oil (~200 cc) from the compressor sump and
injecting it into the discharge line just downstream of the compressor. The compressor oil level was closely
monitored to determine the total time it took for the oil level to return to the original level. This was done

with none of the suction risers active (by-pass open) and with all three suction risers open (by-pass closed).
This lowered the return velocity from 2000 to 300 ft/min (10 to 1.5 m/sec). In the low temperature cooling
mode a vertical receiver with a sight-glass was added to the liquid line downstream of the condenser.
Heating mode tests were run at conditions where refrigerant left the evaporator in two-phases. With a fixed
orifice expansion device (e.g. short-tube orifice) this occurred at temperatures at or below 30oF / -1oC.
TEST RESULTS
The results of the cooling test are shown graphically in Figure 2. The cooling capacity of R-407C/mineral
oil falls about 8% short of R-22 capacity and the COP is approximately 18% lower than R-22. Speculation
is that the enhanced tube surface of the evaporator is trapping oil thereby negating any enhancements and
adding to the heat transfer resistance. The result is lower evaporating temperature. This is born out by
examining the results of this refrigerant with 2% normal butane added to it. This performance is much more
typical of what is seen when R-407C is used with synthetic oils. The added hydrocarbon appears to “flush
out” the mineral oil from the surfaces. The cooling capacity of R-417A runs about 11% lower than R-22
and the COP is 10% lower. The cooling capacity decrease relative to R-22 is basically consistent what
would be predicted by thermodynamic calculations.
Figure 3 depicts the results of the cooling mode simulated oil pump-out tests (oil return tests). The results
are shown for the tests with all suction risers by-passed (refrigerant velocity approximately 2000 ft./min. or
10 m. /sec.) and with all suction risers active and the by-pass closed (velocity approximately 300 ft./min. or
1.5 m. /sec.). For the R-22 system, oil returned in less than 20 minutes for the first test and about 30
minutes for the second. R-407C took significantly longer in the first test to return oil and never returned oil
in the second test (oil logged in the bottom of the suction risers). R-417A and the R-407C + butane mixture
did return oil in both tests but took significantly longer (generally two to three times as long).
Oil return was more of an issue in both the heating mode tests and the low temperature cooling tests (or
simulated refrigeration mode). Since this heat pump utilized a fixed orifice expansion device in heating
mode, it allowed refrigerant flow rates that resulted in incomplete evaporation of refrigerant when ambient
temperatures fell to 30oF or -1oC. A mixture of refrigerant vapor, liquid refrigerant, and oil left the
evaporator and entered the accumulator. This situation is depicted on Figure 4 for both the more common
miscible refrigerant/oil combination and the immiscible combination. These accumulators are designed to
protect the compressor from significant amount of liquid entering this component. This is accomplished by
allowing the liquid (refrigerant & oil) to fall to the bottom of the accumulator while the compressor suction
tube removes refrigerant vapor from the top. When the refrigerant and oil are miscible, the liquid is all one
layer and the small hole on the bottom of the suction tube allows a small amount of liquid refrigerant and
oil to return with the refrigerant vapor to the compressor. When the refrigerant and oil are immiscible, two

layers are formed. Since the oil is less dense than the liquid refrigerant, the oil layer floats on top of the
refrigerant layer and never gets to the return hole.
These situations were visually observed during the heating tests. A single layer was observed for R22/mineral oil while two layers were observed for R-417A and the R-407C/R-600 refrigerant (pure R-407C
was not tested). As the tests proceeded the oil layer grew in the accumulator and the oil level in the
compressor fell for the immiscible refrigerant/oil systems. This is shown in Figure 5. Although the heat
pump went through defrost cycles every 90 minutes, there was no measurable impact on compressor oil
level. The tests were stopped when the oil level dropped below detectable levels (estimated to be slightly
less than 1 cm.) to avoid damaging the compressor. The R-22 tests revealed no significant drop in
compressor oil levels throughout the test.
With the receiver in place, the low temperature cooling mode tests showed similar results as the heating
mode tests. The receiver also trapped oil for similar reasons as the accumulator (liquid refrigerant flows
from the bottom of the receiver and the floating oil layer never reaches the exit unless the refrigerant level
drops to very low levels).
DISCUSSION AND CONCLUSIONS
Questions have been raised about the efficacy of using small amounts of hydrocarbons mixed with HFCs to
reliably transport mineral oil under the widely varying conditions in typical applications. The premise is
basically sound that hydrocarbons will be readily absorbed by the conventional lubricant, thereby lowering
the oil’s viscosity and reducing its flow resistance. The issue is that this behavior only addresses one aspect
of providing reliable oil return.
Figure 6 can be used to further explain some of the other aspects of oil return. This figure shows a
miscibility diagram for a typical HFC with an immiscible lubricant. In this case it is R-134a with
alkylbenzene oil, however it is typical of most HFCs with either mineral oil or alkylbenzene oils. The
diagram shows that there is limited solubility in the lubricant-rich region (high oil content) and even lower
solubility in the refrigerant rich region (low oil content). The refrigerant and lubricant are immiscible over
the complete range of conditions. Hydrocarbons will improve the solubility in the lubricant-rich region (as
shown by the arrow and the dotted line) but will not measurably improve refrigerant-rich solubility. This is
due to the lack of impact the hydrocarbons have on making the HFCs components more soluble with
mineral oil and these components comprise greater than 95% of the refrigerant mixture due to flammability
concerns. The end result is that blends of HFCs with small amount of hydrocarbons remain immiscible with
either mineral oil or alkylbenzene oils over the complete application range. The benefits of improving the
oil-rich solubility can be seen in the evaporator and the suction line. In these regions the oil transport is
enhanced by the absorption of refrigerant. In any component where liquid refrigerant pools, such as

accumulators and receivers, the addition of hydrocarbons are ineffective. These components would require
either the use of miscible lubricants or design changes that provide another mechanism for oil return.
The tests that were performed brought to light some important characteristics of HFC/hydrocarbon
refrigerant mixtures. It was found that depending on the HFC components and composition selected,
cooling capacity could be comparable to R-22. Efficiency of the alternative refrigerants tested fell short of
the performance of R-22. In cooling mode, the mineral oil did return to the compressor but at a much
slower rate. A better understanding of the impact of the slower oil return on compressor reliability is
required before any conclusions can be drawn about the use of these refrigerants. It was shown more
clearly that in systems with accumulators and receivers, oil return could be problematic. Using anything
other than miscible lubricants in these systems would be a major concern.
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